Abstract: The shortage of material and environmental legislations have encouraged car manufacturers to recycle used material in end of life vehicles (ELVs), reverse logistics are essential to the concerns of the automotive supply chain. In this research, a profit model multi-echelon reverse logistics network including collection center, shredder center and recycling center is developed to recycle automotive parts. The work was continued by illustrating empirical application in wiring harness manufacturer that would like to recycle wire harnesses and extract copper. With regards to the complexity of the reverse logistics network, traditional method cannot be implemented for solving them. Thus, an evolutionary algorithm based genetic algorithm (GA) is applied as a solution methodology to solve mixed integer linear programming model and find the optimum solution. The results emphasize the efficiency of the modeling and solving method so that in the case study the company gained more than 27 thousand dollars through the establishment of reverse logistics for recycling copper.
Introduction
Manufacturers are currently faced with new challenges such as global warming, landfill limitations and virgin materials decreasing sources. Customers environmentally concerns and governmental regulations oblige companies to guarantee the take-back of used product, recycling them at end-of-life (EOL) and saving up energy and raw material consumption. Beside the green issues, profit-orientated motivations through product recovery and using recycled instead of virgin materials are further reasons for remanufacturing and recycling of used products. Specially, recovering and recycling end-of-life vehicles (ELVs) have become a main concern in the automotive supply chain so that the management of ELVs has become a very crucial issue for automobile manufacturers worldwide in the last decade. Referring to mainly the implementation of the Directive 2000/ 53/EC in the European Union, European automotive industries have to satisfy 85% recovery-rate in their ELVs by 2006 and 95% by 2015 [1] . Since reverse logistics network involves the implementation of an effective and efficient recycling and recovering, it will be a source of competitive advantage. Therefore, an efficient reverse logistics are economically and ecologically beneficial to supply chain as [2] .
Many researchers have studied reverse logistics network design for several different industries/products and expressed that the small scale mixed integer programming models are usually solved by the traditional branch and bound algorithm, the enumeration algorithm or the optimization software package, such as LINGO and GAMS that are well known exact algorithm. However, in practical applications, the scale is often relatively large and the model includes many variables and constraints. The time-consuming is very large by using the traditional algorithms or software packages, and even not achieves the optimal solution. With regards to the literature, although many studies of reverse logistics network design exist in the general case, no attempt has been made to develop automotive wiring harnesses recycling networks and the general case cannot be implemented due to the different network topology. The aim of this current research is to develop a mathematical model for recycling wiring harnesses with a different network topology. Annually some 9 million cars are scrapped within the European Union. These harnesses contain 90,000 tons of copper and 35,000 tons of PVC, representing a value of more than 750 million USD per year.
Since it has already proven by many of researcher such as [3] that the supply chain network design problem is NP-hard and their data and computational requirements increase tremendously as models become more realistic. Thus, when problem size increases, it is very difficult to find the optimal solution in reasonable computation time. In this reason, the authors intend to illustrate empirical applications of the genetic algorithm (GA) as met-heuristic algorithm to overcome the complexity of the proposed model for optimizing the proposed reverse logistics networks. Finally, maximizing the total profit in a recycling logistic network is solved using GA and the in MATLAB ® software.
Problem description
The study involves a one of the biggest wiring harness manufacturer which is located in the Middle East. The company purchases virgin copper and PVC to produce wire as the main component of the wiring harnesses. This study focuses on the design of an optimum reverse logistics network for recycling copper from automotive wiring harnesses at EOL because the company is being affected by the increasing world price of copper. The problem addressed here is the design of a reverse logistics network to collect and recycle automotive wiring harnesses. The company has to determine which facilities in the reverse logistics network such as wire harnesses shredder centers, copper shredder centers, and recycling centers should be selected to satisfy all the capacity requirements and also to maximize total profit. Since a reserve logistics problem is considered a complex model, it has to be solved by meta-heuristic algorithm. Recently Chan, et al. [4] suggested a framework to categorize recoverable and recyclable vehicle parts and components. There searchers categorized automotive parts into three groups. The first group was parts that can be remanufactured such as engines and batteries; the second group was parts such as radiators and tires which can be refurbished by recovery and the third group were referred to as recyclable parts such a wiring harness and the body. As mentioned earlier, more than 9 million cars are scrapped within the European Union annually that contains 90.000 tons of copper, representing a value of more than 720 million USD -per year. Additionally, 15 million cars and mini trucks with an annual scrap value of 335 million USD in the US should also be considered. With regard to the fluctuating price of copper in the world and the high fraction of copper in wiring harnesses compared with other automotive parts [5] , then wiring harness recycling is gaining increasing attention among practitioners.
Wiring harness recycling networks can be explained conceptually as follows. The new products are sent to car manufacturers to be assembled into car bodies, and then after the EOL of the vehicle, the car owner leaves the vehicle at a dismantling center. All the components should be disassembled at a dismantling center and then the wiring harnesses will be transshipped to the copper wire shredder center where the copper is extracted from the wiring harnesses. Except for the copper, the remaining components such as PVC and metal terminals are sold to third parties. The copper is transshipped to a copper recycling or smelting company to make a rolled copper rod and then it is ready to be used by an automotive wire supplier where this secondary copper is used along with virgin copper for the production of new wiring harnesses. The process is shown in Fig.1 .
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Fig. 1. Wiring harness recycling process
Mathematical modeling
In this research, we have considered various real cases simplified for modeling by making the following assumptions such as the inventory cost and transportation cost are fixed throughout time; except for copper, all the remaining components are sold to a third party; the amount of the ELVs that should be recovered is deterministic and the capacities of all facilities are restricted. Customer demand and the amount of product returns, the cost of opening and operating cost in dismantling centres and shredder centres are all given. Based on the conceptual framework and the aforementioned assumptions, the model can be formulated as follows: According to the above notations, the structure of the proposed reverse logistics network can be presented as follows.
Objective function: 
.
Subject to: 
This model is built to maximize profit and minimize the total cost of the reverse logistics network of wiring harness recycling as summarized in Equation (1) . In equations (1) the first term is for total income for using recycled copper instead of virgin material usage and the second one is referred to company income due to sale non-copper recycled material to the third party companies. The next four terms refer to the transportation cost between facilities in the reverse supply chain. The next three terms are the operating cost of the facilities and last two terms is the initial cost for opening shredder centres and recycling centres. Constraint (2) assures that all used products which leave the dismantlers should be transhipped to shredder centres. Equations (3) to (5) are the capacity constraints of the facilities. Constraints (6) and (7) restrict that all x variables are non-negative and y variables are binary integer.
The model considered in this paper consists of two problems, capacitated facility location problem and flow optimization; therefore, the model is reducible to the capacitated facility location problem. Since the capacitated facility location problem is NP-complete, the reverse logistics network design problem discussed in this paper is complex to be solved. Therefore, solving this problem in a large size by exact algorithms is very time-consuming so that many heuristics and meta-heuristics have been developed to get near optimal solutions for these kinds of problems.
Genetic algorithm
Genetic Algorithm (GA) that is proposed by Holland [6, 7] is an evolutionary and adaptive search method. GA mimics the mechanics of natural selection and evaluation. In any evolutionary process, only the most suited elements in a population (a set of solutions) are to survive and generate offspring, thus transmitting biological heredity to the new generations. Population is a set of strings, each representing a potential solution to the given problem. Each string is called a chromosome and the elements of the chromosome are called genes. For creating the offspring only Applied Mechanics and Materials Vol. 564a promising string is selected so that the generic material is transferred effectively. `Generic operators' are applied to the mating pool to create offspring. The set of strings chosen to create offspring is called mating pool. After the creation of a new set of strings, the population is evaluated and only the best elements are chosen for the next generation and finally the search ends with a best possible set of solutions. In this research, integer number represents all possible permutations of the amount of transshipped material between facilities ( x variables) and a binary number represents for y .
Case study
In this section a mixed integer linear programming reverse logistics supply chain model applies to a real world company. The case study refers an automotive wiring harness manufacturer located in the Middle East. The company faced great pressure to collect EOL wiring harnesses and recycle the copper due to the increasing trend the price of copper in the world. The company plans to recycle the copper as a major cost component in the company from around 2,000,000 used wiring harnesses that are collected equally by five dismantlers equally. Therefore, a reverse logistics network should be designed with minimal total cost so that recycled copper profit would be maximized. Fig. 2 reveals all possible networks in reverse supply chain for the case and the following data tabulated in Table 1 are related to the parameters in the case study. 
Computational results
The GA is coded in MATLAB® and the case problem is solved on a Pentium 3-core 1.60 GHz computer with 1 GB RAM. To find the values of GA's parameters are included population size, crossover rate, mutation rate and iteration-number, some primary tests are carried out. Then a tradeoff between the solution time and the quality solutions determined the appropriate values for these to be 50, 0.4, 0.3 and 200 respectively. Fig. 3 shows the solutions' convergence each iteration to find a global optimum solution based on the last configuration. The best-so-far carve represents the best solution (chromosome) in each population and average of solutions is shown by average fitness carve. The figure expresses solutions are being better each iteration and also average solutions convergence-rate to best-so-far solution is reasonable. The network can recycle 16,000 metric tons of copper and 4,000 metric tons of other materials that are included in wiring harnesses such as PVC and plastic sockets. Since non-copper materials can be sold to third parties, the company can be gained in this way along with using recycled copper instead of virgin copper to produce new wiring harnesses. With regards to Fig.3 the total profit corresponding to the objective function was captured by GA is 27,980,000 USD (as a final best-sofar) that is due to using recycled copper instead of virgin copper.
Conclusion
In this investigation, the aim was to express necessity of a reverse logistics implementation in the automotive industry. An MILP model was developed to determine the location and to allocate facilities in a reverse logistics network for automotive wiring harnesses. To validate the model, actual manufacturing data as a case study for solving the complex model was used and GA as metaheuristic algorithm. One of the more significant findings to emerge from this study is that if the company establishes a reverse logistics network according to the proposed model and mix purchasing virgin copper with recycled copper, the company will be gained about 27 thousand dollars. Since only profit and cost optimization was considered as a single objective in this research, a future study could extend the work by adding social aspects and green issues. However, the probability of an adequate supply of returning products was not considered in the proposed model. 
